Introduction
Acrosomal hyaluronidase is thought to have an important physiological role in the dispersal of the cumulus oophorus surrounding the ovum before fertilization because the cumulus cell mass of the ovum appears to be cemented together by a hyaluronidase-labile and proteinase-resistant matrix which is probably hyaluronic acid (Talbot & Franklin, 1974) . Highly purified ram and bull sperm hyaluronidases are able to disperse the cumulus mass and it seems likely that hyaluronidase on the sperm head facilitates the penetration of this layer (Morton, 1977) .
Hyaluronidase of variable purity has been extracted with detergents from acrosomes and from the seminal plasma. The enzyme resembles testicular hyaluronidase (Zaneveld, Polakoski & Schumacher, 1973; Yang & Srivastava, 1975) but differs from the hyaluronidase present in organs other than the testis. It has been suggested that inhibitors of hyaluronidase or antibodies to hyaluronidase may inhibit fertilization of the oocyte (Metz, 1972) . To prepare such antibodies, immunologically pure hyaluronidase is needed. The present study involved (1) the preparation of such an immunogen from the testes of rhesus monkeys, (2) investigation of the chemical and physical properties of the hyaluronidase, and (3) tests of the immunological homogeneity of the enzyme.
Materials and Methods

Initial preparation and measurement ofhyaluronidase
Testes from 6 adult rhesus monkeys were homogenized in 0-1% Triton X-100 and 0-1% hyamine (Sigma) Lowry, Rosebrough, Farr & Randall (1951) .
Purification and molecular weight determination
The partly purified hyaluronidase was applied to a Sephadex G-200 column (65 1-5 cm; Vt 100 ml; V0 38 ml), pre-equilibrated with phosphate buffer (0-02 M, pH 6-0) containing 0-15 M-NaCl. The column was washed with 200 ml buffer at the rate of 17 ml/h. The eluate was collected in 4-ml fractions and those containing hyaluronidase activity were pooled, dialysed against water and freeze-dried. This freeze-dried material was dissolved in Tris-HCl buffer (0-2 M, pH 6-9) containing 1-0 M-NaCl, 10-3 M-MnCl2 and 10~3 M-CaCl2 and was then applied to a concanavalin A-Sepharose column (0-84 22 cm). The column was eluted at the rate of 12 ml/h and then developed with a linear gradient of 0 to 0-6 --methyl-D-glucoside in Tris-HCl buffer (0-2 M, pH 6-9) containing 1-0 M-NaCl. The fractions showing high hyaluronidase activity were pooled, dialysed against distilled water and freeze-dried.
Polyacrylamide disc electrophoresis was performed on 7-5% gels at pH 4-5 and 8-5 and the resultant bands were stained with 1% Amido black (Gabriel, 1971) . The molecular weight was determined by Sephadex G-200 column chromatography using bovine serum albumin, pepsin, cytochrome c and lysozyme as standard proteins. The void volume was determined using blue dextran. The molecular weight of hyaluronidase was calculated after plotting elution volume/void volume (Ve/V0) versus the log of the molecular weight.
Enzyme properties
The optimum pH for the activity of the enzyme was determined at 37°C using 0-1 M-acetate buffer containing 0-15 M-NaCl. The pH range explored was 3-0 to 6-0. The optimum temperature for enzyme activity was determined by incubating the substrate-enzyme mixture at pH 4-5 at various temperatures from 15 to 65°C. The effect of varying the concentrations of the substrate was also examined. The thermal stability of hyaluronidase was determined after heating the enzyme solution at 40-45°C for 5-30 min, cooling in ice-cold water and then measuring the enzyme activity. In a second series of experiments hyaluronidase was exposed at 27-72°Cfor 10 min.
Effects of salts
The effects of calcium, copper, ferric, ferrous, magnesium and mercuric ions and p-chloromercuribenzoate and cysteine on the hyaluronidase were determined using concen¬ trations of these substances in the range 2 10~4 to 2 10~5 m. At pH 4-5, acrylamide gel electrophoresis showed purified hyaluronidase as one band (Text- fig. 1 ), but at alkaline pH the protein remained at the point of application. Gel filtration indicated that the molecular weight of the hyaluronidase was 62 000.
Text- fig. 1 . Acrylamide gel after disc electrophoresis of highly purified monkey testicular hyaluronidase obtained by concanavalin A-Sepharose chromatography. The gels (7-5%) were run at pH 4-3 and stained with 1% amido black.
The hyaluronidase had optimum activity at pH 5-0 but activity was present over a broad range of pH 4-5 to 5-5 (Text- fig. 2 ). Activity reached a maximum at temperatures between 45 and 52°C, above which it declined sharply. Activity was reduced by 17% after exposure for 10 min to 40°C and by 40% after exposure to 50°C. The Lineweaver-Burk plot for the effect of substrate concentrations on the activity of hyaluronidase gave a Michaelis constant (Km) of 0-5 mg/ml (Text- fig. 3 ). The enzyme was stable in solution in water at 4°C for 6 weeks.
Hyaluronidase was activated by 1-5 10_1 M-NaCl and 2 10 5 M-calcium chloride and ferric chloride, but was inhibited by 2 IO-4 M-mercuric chloride, ferrous sulphate, magnesium chloride, p-chloromercuribenzoate and zinc sulphate ( Antibodies to hyaluronidase were raised in rabbits. The antibodies reacted with crude and purified enzyme to give a single precipitin line (Text-fig. 4 ). . Ouchterlony gel diffusion plate showing immunological cross-reaction between antisera of purified monkey testicular hyaluronidase (A) to monkey testicular homogenate (H), purified monkey testicular hyaluronidase (P) and control serum (C).
Discussion
The percentage yield of the final preparation after concanavalin-A chromatography, calculated on the basis of total activity, is comparable to that for bull sperm hyaluronidase (Yang & Srivastava, 1975) . It was necessary to add sodium chloride to the phosphate buffer used for eluting the Sephadex column because sodium chloride prevents interaction between the proteins of different enzymes and hyaluronidase was thus separated from other enzymes (Yang & Srivastava, 1975) . The presence of sodium chloride was also essential for separation of proteins on the concanavalin A-Sepharose column. Purified hyaluronidase contains manosyl residues which are responsible for the affinity of hyaluronidase to concanavalin (Borders & Raftery, 1968) .
Sephadex column chromatography indicated that the molecular weight of the hyaluronidase extracted from monkey testicular tissue was 62 000 and this value is similar to that obtained by several other workers (see Table 3 ), giving a general value of the order of 60 000. Aronson & Davidson (1967b) Ultrasonication of the testicular homogenate breaks the molecule to smaller units with a molecular weight of 15 000 (Bansai, Kanwar & Gupta, 1980) Aronson & Davidson, 1967b; De Salegui et al., 1967) .
The activity and stability of hyaluronidase depend on NaCl. Fe2+ inhibits testicular and acrosomal hyaluronidase in other species to a greater extent than Fe3+ whereas cysteine and pchloromercuribenzoate have no effect (Meyer & Rapport, 1951; Zaneveld et al., 1973) . Cysteine reduced the inhibitory effect at 2 10 4 M-mercuric chloride, indicating the involvement of-SH groups.
The Km value for hyaluronidase obtained from monkey testes is about one-quarter and half of those for bovine and mouse testicular hyaluronidases respectively (Bansai et al., 1980; Gupta & Goldberg, 1981) (Gupta & Goldberg, 1981) .
The antibodies to hyaluronidase reacted with crude testicular extracts and purified enzyme giving rise to single precipitin line, indicating that the enzyme was an immunologically homogeneous preparation. This is also supported by the appearance of a single protein band after disc electrophoresis. Bovine testicular hyaluronidase did not cross-react with anti-monkey testicular hyaluronidase, suggesting that the enzyme is species specific.
These results show that rhesus monkey testicular hyaluronidase has several physicochemical properties which are considerably different from those of other testicular hyaluronidases.
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